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Abstract 
    Oil palm ((Elaeis guineensis Jacq) is one of the most productive oil crops in the world. It can produce oil up to 90 % of its dry 
weight and has the highest oil content reported among other plant tissues. WRI1 gene is one of many contributing genes that 
control oil content in oil palm fruit. Despite its obvious scientific and economic interest, literature and molecular resources about 
WRI1 gene in oil palm are still limited. The objective of this research was to isolate sequence and characterize the WRI1 gene 
from oil palm genome. WRI1 gene was successfully amplified from oil palm cDNA library. The amplification produced a single 
DNA fragment of 1 000 bp and which was cloned into pJET cloning vector for sequencing. The sequencing result showed two 
clones that were identified as WRI1 transcription factor. 
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Nomenclature 
 
Bp base pair    PPP  pentose phosphate pathway 
DAP days after pollination   TAG triacylglicerol PPP 
PDH pyruvate dehydrogenase   WRI1 wrinkled 1  
PK pyruvate kinase    1 ton 1 000 kg 
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1. Introduction 
Oil palm (Elaeis guineensis Jacq) originates from intertropical Africa. It was imported into South Asia where 
industrial plantations started about 100 years ago. Oil palm is now the most productive world oil crop, with 36 % of 
world production1. Present-day genetic material can produce up to 10 t of oil ha–1 · yr–1, therefore it is likely that 
palm oil will keep increasing its share of the market. Most palm oil is derived from the fruit mesocarp where it can 
comprise up to 90 % of the dry weight and this is, by far, the highest oil content reported for any plant tissue. 
Despite its obvious scientific and economic interest, literature and molecular resources available for oil palm remain 
scarce2. 
Presently, knowledge of triacylglycerol (TAG) accumulation in plants is based almost entirely on studies of oil 
seeds, which contain no more than 60 % oil3. The main source of carbon for storage oil synthesis in higher plants is 
sucrose, which in nongreen tissues is converted to pyruvate via glycolysis and the pentose phosphate pathway (PPP). 
Pyruvate is the main precursor for the acetyl-CoA molecules for fatty acid synthesis. Plastid pyruvate kinase (PK), 
pyruvate dehydrogenase (PDH), and acetyl-CoA carboxylase are considered as key enzymes for fatty acid synthesis3 
and in oil seeds are regulated by transcription factors, including WRINKLED1 (WRI1)4,5. 
To understand the role of WRI1 in the regulation of seed oil accumulation and in seed maturation and 
germination it is important to identify direct targets of WRI1 and its binding site sequences. Late steps of plastidial 
glycolysis necessary for the production of acetyl-CoA and several steps of fatty acid synthesis are regulated by 
WRINKLED14–7. WRI1 encodes a transcription factor of the large APETALA2/ethylene-responsive element 
binding protein (AP2/EREBP) family8. Loss-of-function mutants have no obvious phenotype during vegetative 
development but produce wrinkled, incompletely filled seeds with an 80 % reduction in seed oil content9. In 
addition, a delay in embryo elongation and a modification of fatty acid composition toward longer and more 
desaturated fatty acids were observed in WRI1 mutants6. Expression of WRI1 under the control of the 35S promoter 
can lead to a slight increase of seed oil content and cause the ectopic accumulation of TAGs in developing seedlings, 
which show aberrant development consistent with a prolonged embryonic state8. 
 
2. Materials and methods 
 
2.1. cDNA library construction 
     
The mesocarp of developing oil palm fruits of 140 d after pollination (DAP) was collected and stored at –86 oC 
for RNA extraction. Total RNA was extracted by using RNeasy Mini Kit (Qiagen) according to the manufacturer's 
instructions. cDNA library was constructed from 1 000 ng of total RNA using SMARTer PCR cDNA Synthesis Kit 
(Clontech) as recommended by the manufacturer's instructions. 
 
2.2. Primer design and PCR conditions 
 
WRI1 primers were designed based on sequence information of the E. guineensis cDNA libraries from Bourgis 
et al.10 and Tranbarger et al.11. The WRI1 gene was amplified by PCR using primer pair of WRIF1 5 ATGACTCTC 
ATGAAGAACTCT 3 and WRIR1 5 CTAGGCACCTTTGCTTGCA 3. PCR reactions were performed in a total 
volume of 25 μL, containing 3 μL of  cDNA product (end process of SMARTer PCR cDNA Synthesis Kit produced 
100 μL cDNA product), 10 × PCR buffer, 1 mM MgCl2, 0.2 mM dNTPs, 5 pmol each primer and 1 unit DNA 
polymerase. The amplification by using the designed primer was conducted with two PCR kits, which were Kapa 
HiFi PCR kit (Kapa Biosystems) and Phire Plant Direct PCR kit (Thermo Scientific). The reactions were incubated 
in thermocyler (Applied Biosystems, PCR System 9700). DNA amplification conditions were at 95 oC for 5 min 
followed by 35 cycles of 30 s at 95 oC, 30 s at 55 oC and 30 s at 72 oC. Amplification concluded with a 10 min 
extension step at 72 oC before cooling to 4 oC. The PCR products were analyzed by electrophoresis on a 1.5 % 
agarose gel, visualized by UV light and measurement of DNA concentration by NanoDrop (Thermo Scientific). 
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2.3. Cloning and sequencing  
WRI1-PCR products were purified by using QIAquick PCR purification kit (Qiagen) based on the 
manufacturer's instructions. After purification, PCR products amplified with Kapa High Fidelity DNA polymerase 
(Kapa Biosystems) were cloned in plasmid vector CloneJET PCR Cloning kit (Thermo Scientific) according to the 
manufacturer's instructions and subsequently transformed into E. coli DHα5 competent cells.  
Recombinant clones were selected as white colonies on LB plates with ampicillin (100 mg · mL–1), each plate 
containing 20 mL of 50 mg · mL–1 X-gal and 100 mL of 100 mM IPTG. Several white colonies were PCR amplified 
by using the vector primers pJET1.2F (5’–CGACTCACTATAGGGAGAGCGGC–3’) and pJET1.2R (5’–
AAGAACATCGATTTTCCATGGCAG–3’) to check the size of the insert.  
After plasmid purification using QIAquick Plasmid Miniprep kit (Qiagen), plasmids were sequenced at 1st Base 
Sequencing (Singapore) using Sanger sequencing technique13. Homology searching of sequences carried out by 
using Basic Local Alignment Search Tool (BLAST) on the National Center for Biotechnology Information (NCBI) 
server (http://www.ncbi.nih.gov)12. 
3. Result and discussion 
3.1. cDNA library, PCR amplification and cloning 
cDNA library was constructed from 1 000 ng of a total RNA using the SMARTer PCR cDNA Synthesis Kit. 
Quantity and quality of cDNA was measured by using spectrophotometer. The cDNA template would be used for 
PCR amplification. The designed primer WRIF1 and WRIR1 in PCR amplification were matched and produced         
a single PCR product about 1 000 (Fig. 1a.). PCR amplification of the inserted DNA fragment by using universal 
primer pJET1.2F and pJET1.2R produced about 1 120 bp matching the expected size of the gene (WRI1 gene is 
about 1 000 bp and about 120 bp distance for binding sites pJET1.2F and pJET1.2R in CloneJET PCR Cloning kit). 
Selection of eight white colonies for PCR amplification gave eight DNA fragments of the expected DNA fragment 
about 1 120 bp (Fig. 1b.). 
 
 
 
 
 
 
 
   
            
 
   (a)                                                           (b) 
Fig. 1. (a) Electrophoresis gel image of cDNA amplification with WRIF1 and WRIR1 primers which produced 1 000 bp;         
(b) Electrophoresis gel image of WRI1 gene amplification from CloneJet recombinant clones with pJET1.2F and 
pJET1.2R primers which produced 1 120 bp. M = marker, Kapa = WRI1 gene amplified by using Kapa HiFi PCR kit 
(Kapa Biosystems), Phire = WRI1 gene amplified by using Phire Plant Direct PCR kit (Thermo Scientific), 1 = white 
colony no. 1from recombinant clones.  
3.2. Sequencing 
The plasmid was sequenced after plasmid purification and plasmid quantification. Two of the WRINKLED1 
(WRI1) transcription factor were identified, of which EgWRI1clone1 and EgWRI1clone5, total size of WRI1 gene 
1000 bp 1000 bp 
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of oil palm is 1 014 bp and the translated proteins are 338 amino acids long with no insertions or deletions (indels) 
in the sequence and showed the same size of DNA fragment. Detailed nucleotide sequence for EgWRI1clone1 and 
EgWRI1clone5 and deduced amino acid sequence of both EgWRI1clone1 and EgWRI1clone5 were showed in Fig. 
2 and Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Detailed nucleotide and deduced amino acid sequences of EgWRI1clone1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Detailed nucleotide and deduced amino acid sequences of EgWRI1clone5 
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Although EgWRI1clone1 and EgWRI1clone5 were amplified by using same primer, there were eight amino acid 
differentiations (Fig. 4). 
 
 
 
 
 
 
 
 
 
 
Fig.  4. Amino acid sequence differentiation between EgWRI1clone1 and EgWRI1clone5 
3.3. Phylogenetic tree 
Nucleotide sequence of WRI1 gene of oil palm was aligned with other WRI1 genes from GenBank such as 
Cocos nucifera (JQ040545), Brasisca napus (DQ370141), Gossypium hirsutum (JX270189), Cicer arietinum 
(XM004511105), Glycine max (GU220051), Setaria italica (XM004977384), Jatropha curcas (JF703666), Zea 
mays (EU960249) and Oryza brachyantha (XM006662636) using MegAlign program (DNAStar) to construct 
Phylogenetic tree (Fig. 5). Based on the Phylogenetic tree, WRI1 gene of oil palm clustered on Cocos nucifera. 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Phylogenetic tree analysis of WRI1 genes of oil palm compare to other WRI1 genes of different species 
 
Characterization of WRI1 gene by comparison of amino acid conserved sequence regions showed that all WRI1 
from different species have a scattered conserved amino acid sequences, the longest conserved amino acid 
sequences was SKYGVARHH (Fig. 6).  
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Fig. 6. Amino acid conserved sequences from WRI1 genes of different species 
4. Conclusion 
 
    The total size of WRI1 gene of oil palm was 1 014 bp. Two WRINKLED1 (WRI1) transcription factors were 
identified and named EgWRI1clone1 and EgWRI1clone5. EgWRI1clone1 and EgWRI1clone5 had eight different 
amino acids and were clustered on Cocos nucifera in Phylogenetic tree analysis. 
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